The diversity of the cloacal microbial community in migratory shorebirds, caught at the Tagus estuary, Portugal, was assessed by cultivation (R2A and Nutrient Agar media) and denaturing gradient gel electrophoresis profiling (DGGE) to provide a better understanding of the birds' potential to harbor and disperse pathogens. Three different bird species belonging to four different populations were studied: common redshank (Tringa totanus), black-winged stilt (Himantopus himantopus) and nominate and Icelandic populations of black-tailed godwit (Limosa limosa). DGGE profiling and partial 16S RNA gene sequences of 240 isolates, and 26 DGGE bands resulting in 58 clones, were analyzed. Most isolates were members of the phylum Firmicutes and Actinobacteria and only a small portion belonged to the Proteobacteria and DeinococcusThermus phyla. Potentially pathogenic strains carried by the birds were found such as Helicobacter and Staphylococcus in all bird species, and Clostridium, Mycobacterium, Rhodococcus, Legionella and Corynebacterium in black-winged stilts. Unexpectedly, bacteria from the phylum Deinococcus-Thermus were isolated in shorebirds and were present in all the bird species studied.
Introduction
Relationships between microorganisms and birds have recently received increased attention because of their fundamental roles in several health parameters, such as immunity and disease, and in the growth of individuals (Eckburg et al., 2005) . Our knowledge of these relationships is based largely on examination of poultry or domesticated birds and on sick or dead wild birds. However, the information on the prevalence, community structure and function of microbes in healthy wild populations of birds is limited (Moreno et al., 2001; AmitRomach et al., 2004; Maul et al., 2005; Godoy-Vitorino et al., 2010 .
Shorebirds (order Charadriiformes) are among the world's supreme migrants and many species travel from the high Arctic to the southern limits of Australasia, Africa and South America (Hayman et al., 1986) . A large number of different species of shorebirds use the Tagus estuary, near Lisbon, Portugal, as a refueling area during spring and autumn migration, and also as an over-wintering area. Furthermore, there are a few species that also use this area to breed, e.g. the black-winged stilt Himantopus himantopus. These events create a high density of feeding flocks that may increase the likelihood of transmission of pathogens through direct or indirect contact (Hayman et al., 1986; Jourdain et al., 2007; Lu et al., 2008) . Shorebirds differ slightly in their diet, which is based on small invertebrate animals and insects.
Birds may transport different microorganisms, some of which could be pathogens, such as various viruses and enteropathogenic bacteria (Palmgren et al., 1997; Hubalek, 2004) . The birds' microbiota is affected by many factors, such as diet, environment, antibiotic intake, and infection with pathogenic organisms (Palmgren et al., 1997; Lu et al., 2003; Gabriel et al., 2005; Saullu, 2007) . Some authors suggested that birds may acquire these infectious agents from their local environment or their feeding habits (Mills et al., 1999; Waldenstrom et al., 2002; Maul et al., 2005) . Studies of cloacal microbial communities showed that bacterial species vary with host species and feeding habits, and with seasonal variation in habitat, physiology (breeding vs. non-breeding) and immunity (Maul et al., 2005) .
Most groups describing the avian microflora focused only on gulls and several species of poultry, due to their inherent economic interest, as a potential reservoir for enteropathogens, such as Salmonella, Helicobacter, Campylobacter jejuni, Campylobacter coli and Campylobacter lari, that have been isolated from intestinal samples of many shorebirds (Reed et al., 2003; Waldenstrom et al., 2003 Waldenstrom et al., , 2007 . In an applied perspective, it is important to identify and monitor the microbial community of birds since many bacterial species that are pathogenic to humans have been found in the gastrointestinal tract of birds (Moreno et al., 2001; Amit-Romach et al., 2004; Godoy-Vitorino et al., 2010 .
Traditionally, microbial communities have been studied by culture-based methods (e.g. chicken) (Barrow, 1992) . However, this type of approach introduces a bias due the selectivity of the culture approach for readily cultivated bacteria (Muyzer, 1999; Gong et al., 2002) . With the development of the less biased molecular protocols based on PCR, diversity indexes are now commonly assessed in this way (Whitford et al., 1998; Gong et al., 2002) . Together, 16S rRNA gene amplification and denaturing gradient gel electrophoresis (DGGE) enables the detection and profiling of a broad spectrum of bacteria present in avians. This analysis of the microbial population in migratory birds may provide a better understanding of the birds' potential to harbor and disperse pathogens.
The main goal of this study was to assess and compare the cloacal microbial community diversity of migratory wading birds that use the Tagus estuary as a refueling, over-wintering and breeding area. To achieve this task, several culture-based methods and DGGE fingerprinting analysis followed by DNA-sequencing were used to analyze wild avian cloacal samples.
Materials and methods

Bird catching and sampling
Cloacal sampling occurred between October to May of 2008 and 2009. During these periods, birds like the nominate black-tailed godwit (Limosa limosa limosa), the Icelandic black-tailed godwit (Limosa limosa islandica), the black-winged stilt (H. himantopus) and the common redshank (Tringa totanus) stopped over in rice fields and saltpans of the Tagus estuary. Wintering and migrating shorebirds were captured either with mist nets during the night or with cannon nets during the day, while foraging or roosting. Chicks of black-winged stilt were caught by hand in the saltpans. Sterile swabs were used to obtain cloacal samples from the three different bird species belonging to four different populations studied in this project. Swabs were gently and slowly inserted into bird's cloacal cavity. Using gentle pressure and a slowly rotation movement, the inside of the cloacae was swabbed. The swabs were transferred into a 1.5-mL tube with saline solution (0.85% w/v NaCl). The tubes were properly labeled, stored and transferred at À80°C the next day.
Enumeration of the cloacal cultivable bacterial community
Twenty-five frozen cloacae samples (five samples of common redshanks, five of black winged stilt, 10 of the nominate population of black-tailed godwit and five of Icelandic population of black-tailed godwit) were spread on non-selective media R2A medium and on Nutrient Agar (NA) medium (Difco Laboratories, Detroit, MI). All samples were plated in duplicate and were incubated for 2-5 days, until no further colonies appeared, at 22°C or at 37°C. The number of colonies per plate was counted and the results were expressed in colony-forming units (CFU) per mL of cloacal sample (total bacterial count). All different morphotypes (Smibert & Krieg, 1994 ) from each sample growing on R2A at 22°C and at 37°C were isolated, cultivated in the medium at the respective temperature, and preserved in NB-glycerol at À80°C after subculture and purification.
Isolates were classified by random amplification of polymorphic DNA (RAPD) typing, using primer OPA-03 (5′-AGT CAG CCA C-3′) (Operon Technologies, Inc., Alameda, CA). DNA profiles were grouped on the basis of visual similarities of the fragments analyzed by electrophoresis in a 2% agarose gel stained with ethidium bromide. The reproducibility of obtained patterns was tested.
16S rRNA gene sequence-typing of the isolates DNA from each isolate was obtained using the protocol from Pitcher et al. (1989) with the following modifications: an extra washing step with a second volume of 24 : 1 (v/v) of chloroform/isoamyl-alcohol and an additional centrifugation step for 15 min at 16 100 g were added. Amplification of the nearly full-length 16S rRNA gene sequence from each DNA was performed by PCR with primers 27F (5′-GAG TTT GAT CCT GGC TCA G-3′) and 1525R (5′-AGA AAG GAG GTG ATC CAG CC-3′) (Rainey et al., 1996) . The PCR reaction was performed according to Proença et al. (2010) . Briefly, 30 lL of reaction mix was amplified using PCR with 30 cycles: 1 min at 94°C, 1 min at 53°C, and 1 min at 72°C. The 1500-bp PCR products were purified using the JET Quick PCR Purification Spin Kit (Genomed GmbH, Löhne, Germany) according to the manufacturer's instructions.
DGGE fingerprinting of bacterial community
DNA was isolated from cloacal samples using the E.Z.N. A.
® Soil DNA kit D5626-01 (Omega Bio-Tek), according to the manufacturer's instructions. Amplification of the nearly full-length 16S rRNA gene sequences from total DNA was performed with the primers and the PCR program as described above (Rainey et al., 1996) . For DGGE profiling, the nested-PCR of the 16S rRNA amplicons was performed using the primers 341F (5′-CCT ACG GGA GGC AGC AG-3′) 40-bp GC clamp and 534R (5′-ATT ACC GCG GCT GCT GG-3′) (Muyzer et al., 1993) . The amplification conditions were: initial denaturation of 4 min at 94°C, followed by 30 cycles of 1 min at 94°C, 1 min at 57°C, and 1 min 30 s at 72°C, and a final extension of 10 min at 72°C. DGGE was performed using a DCodeTM Universal Mutation Detection System (Bio-Rad Laboratories, Hercules, CA). PCR samples were loaded into 8% polyacrylamide gels with a denaturing gradient ranging from 30% to 70% (100% denaturant is defined as 7 M urea and 40% formamide). Gels were run at 70 V for 17 h at 60°C and stained with ethidium bromide. The gels were scanned using an image analyzer Quantity One 4.6.6 (Bio-Rad). The similarity between the microbial communities of the different birds was determined based on the digitized DGGE profiles using the cluster analyses technique. The bands in each lane were detected automatically. Similar bands for each lane were used to produce a dendrogram by using the unweighted pair group method with arithmetic mean (UPGMA). Bands were excised and kept in TE buffer 0.1 M, at 4°C, for cloning and further sequencing. The excised DGGE bands were re-amplified by PCR with the primers 341F without clamp and 534R as described above. Bands corresponding to the expected size (% 200 bp) were excised, purified, cloned into pGEM-T Easy (Promega) and transformed into Escherichia coli DH5a. From each transformation culture, three clones were selected and grown overnight, at 37°C, with shaking. Plasmids were extracted with the JET Quick Plasmid Miniprep Spin Kit (Genomed GmbH) and subjected to PCR. PCR products were then visualized on a 1% agarose gel stained with ethidium bromide, excised and purified as described above, and kept in TE buffer, at 4°C, for further sequencing.
DNA sequence and phylogenetic analysis
The 16S rRNA genes from 52 strains representative of each RAPD group and PCR products from clones of the DGGE-excised bands, were subjected to amplification (or re-amplification in the case of the clones) for sequencing. Automated sequencing of the purified PCR products was performed using dRodamine terminator cycle-sequencing kit and ABI 310 DNA Sequencer (Applied Biosystems, Foster City, CA) according to the manufacturer's instructions.
All sequences were compared with sequences available in the GenBank database using BLAST network services (Altschul et al., 1997) . Sequences were initially aligned with the CLUSTAL X program (Thompson et al., 1997) , visually examined, and relocated to allow maximal alignment. The method of Jukes & Cantor (1969) was used to calculate evolutionary distances. Phylogenetic dendrograms were then constructed by the neighborjoining method using the MEGA4 package (Tamura et al., 2007) .
Data analysis
The Shannon-Wiener diversity index (H 0 ¼ P s i¼1 p i Á ln p i ) was computed for bacterial species identified in this study. Redundancy analysis (RDA) was applied to the bird species and the bacterial species identified for each. Relationships between birds and bacterial species and the environmental variables (bird species from saltpans including common redshanks, black-winged stilt and Icelandic population of black-tailed godwit and rice field areas including nominate population of black-tailed godwit) were analyzed using the software package CANOCO (version 4.5). In the CANOCO software, RDA is accompanied by Monte Carlo permutation tests to assess the statistical significance of the effects of the explanatory variables on the species composition of the samples (Brink & Braak, 1999) .
Nucleotide sequence accession numbers
The 16S rRNA gene sequences of the isolates reported in this study have been deposited in the EMBL database under the accession numbers JQ800334-JQ800478 and the cloned 16S rRNA genes sequences under the accession numbers JQ80027-JQ800333. Cloacal microbial diversity of shorebirds
Results
Enumeration of cultivable bacteria
In all, 240 bacterial isolates were obtained with R2A medium from the 25 different cloacal samples analyzed (Table 1 ). The number of colonies recovered from R2A media was always higher than the number recovered from NA media. Bacteria from three of the cloacal samples analyzed were only recovered from R2A media. Colony diversity was also higher from R2A media than NA media (data not show). Therefore, further characterizations were considered for the bacterial strains recovered from R2A media. Bacterial strains were isolated at two different incubation temperatures: 116 CFU at 37°C and 124 CFU at 22°C. In total, 123 CFU were recovered from blacktailed godwit samples, 20 CFU from common redshank, 85 from black winged stilt and 12 from Icelandic blacktailed godwit. Common redshank and Icelandic blacktailed godwit showed the lowest number of cloacal cultivable bacteria. Furthermore, in some cases, no colonies were observed on either media (R2A and NA) in samples of the previously mentioned bird species. This is probably due to the different cloacal physiology characteristics of the birds.
Primary grouping of the 240 isolates was performed by RAPD analysis in an attempt to find identical clones. With this analysis, 52 different RAPD profiles were recognized (Fig. 1) . The two populations of black-tailed godwit (data combined in Fig. 1b ) and the black-winged stilt (Fig. 1a) showed higher numbers of different patterns in RAPD gel (22 RAPD profiles for black-tailed godwit and 21 RAPD profiles for black-winged stilt) than common redshank (nine RAPD profiles). All strains representing all different RAPD profiles were further characterized by 16S rRNA gene sequencing.
Diversity of the cultivable bacterial community
Analysis of the 16S rRNA gene sequences of the isolates identified four phyla within the domain Bacteria: Proteobacteria, Actinobacteria, Firmicutes and DeinococciThermus. Isolates belonging to the phylum Firmicutes were dominant in all studied bird populations, with the exception of Icelandic black-tailed godwit. These birds had Proteobacteria as the dominant phylum. Conversely, the cloacal samples of the common redshanks did not include proteobacterial isolates. The majority of the isolates belonged to the class Bacilli (Fig. 2) . The Icelandic population of black-tailed godwit had no isolates from 
the class Actinobacteria and showed a more even distribution, with bacterial isolates from different bacterial domains. Isolates from the class Alphaproteobacteria were found almost exclusively on the Icelandic population of black-tailed godwit (Fig. 2) . When the diversity of bacterial isolates was evaluated at the genus level, the number of isolates belonging to the different genera was low within the classes Gammaproteobacteria (three genera: Escherichia, Psychrobacter and Stenotrophomonas), Alphaproteobacteria (two genera: Ochrobactrum and Paracoccus) and Deinococci (one genus: Deinococcus) (Fig. 3) . On the other hand, the classes Actinobacteria and Bacilli included a larger number of isolates belonging to many genera and were present in all bird species. The class Actinobacteria was represented by 12 genera: Agrococcus, Agromyces, Cellulosimicrobium, Corynebacterium, Isoptericola, Janibacter, Microbacterium, Micrococcus, Mycobacterium, Promicromonospora, Rhodococcus and Sanguibacter. The class Bacilli was represented by isolates belonging to eight genera: Bacillus, Cohnella, Enterococcus, Lactococcus, Leuconostoc, Marinibacillus, Paenibacillus and Staphylococcus. Strains from the genera Cellulosimicrobium, Cohnella, Lactococcus, Mycobacterium and Rhodococcus were only isolated from black-winged stilts birds. Strains from the Cloacal microbial diversity of shorebirds genera Agrococcus, Agromyces, Escherichia, Janibacter, Leuconostoc, Marinibacillus, Micrococcus, Ochrobactrum, Sanguibacter and Stenotrophomonas were only isolated from nominate population of black-tailed godwits birds (Fig. 3) . Strains of the genus Enterococcus (class Bacilli) were abundant in all bird species studied. When evaluated at the genus level, common redshank birds and the Icelandic black-tailed godwit populations showed the lowest number of cloacal cultivable bacteria, with a low diversity (Fig. 3) . However, Paracoccus spp. were only recovered in Icelandic black-tailed godwit samples. Common redshank bacterial isolates belonged to three different genera from the Bacilli class: Staphylococcus (including the highest number of isolates recovered), Enterococcus and Bacillus; one genus from Actinobacteria class: Microbacterium; and one genus from Deinoccoci class: Deinococcus (Fig. 3) . Potential pathogenic isolates from the genera Mycobacterium and Rhodococcus were isolated from black-winged stilts birds. From this bird population and also blacktailed godwits Corynebacterium isolates were recovered, which are of health concern, too.
BLAST analysis of the 16S rRNA gene sequences of the isolates evidenced six strains that showed < 97% similarities with their closest relatives; five belonged to the genus Deinococcus, and one to the genus Enterococcus. This result suggests that some of the sequences may represent new species.
DGGE of PCR product analysis from cloacal samples
DGGE patterns from prokaryotic DNA in all avian cloacal samples were heterogeneous and showed different phylotypes (Fig. 4) . Nevertheless, there were bands repeated in several samples, even in samples of different bird species or populations.
The analysis of all the microbial community fingerprints showed that the four studied bird populations do not group together based on their cloacal microbial community fingerprinting (Fig. 4) . Samples from black-winged stilt and common redshank were dispersed in the dendrogram. However, samples from the nominate bird population of the black-tailed godwit grouped together (Fig. 4) .
A cloning and sequencing strategy was applied to the DGGE bands. Common bands and different bands, designated with a number in Fig. 4 , were excised from the gels. Twenty-six bands representing most of the bands present in the gel gave positive PCR amplification and were cloned. In some instances, co-migration of DNA fragments with different nucleotide sequence compositions was observed. This negative side-effect of comigration was solved through analysis of different clones from a single band. Fifty-eight cloned sequences of 16S rRNA identified (% 200 bp) were related to organisms within the Firmicutes, Proteobacteria, Actinobacteria, Bacteroidetes and Spirochaetes phylae ( Table 2 ). The phyl- otype, whose band appeared at positions 7, 17 and 24, and whose closest relatives belong to the Bacilli, was present in all bird populations (Fig. 4) . The phylotype whose band showed at positions 19 and 26 was present in all birds from black-tailed godwit species and belonged to the phylum Proteobacteria.
Only the individuals from the nominate bird population of black-tailed godwit presented more sequences from Proteobacteria phylum than Firmicutes phylum. On the other hand, common redshank presented similar proportions of these two phyla. The phylum Proteobacteria included strains from Alpha-, Beta-, Gamma-and Epsilonproteobacterial classes (Table 2 ). The presence of pathogenic bacteria belonging to the genera Brachyspira, Clostridium, Legionella and Helicobacter was only detected by DGGE analysis. Helicobacter was detected in all bird species and Brachyspira, Legionella and Clostridium were only detected in black-winged stilt samples (Table 2) .
Relationships between bird species, bacterial communities and environmental variables
The total bacteria diversity estimated by Shannon-Wiener diversity index (H') is 2.69. The bacterial diversity in the nominate populations of black-tailed godwit was H′ = 2.59, in the Icelandic population 1.57, in the population of blackwinged stilts H′ = 2.1 and in the common redshank population H′ = 2.12.
The relationships between the bird species and the bacteria strains isolated were explored by RDA. The first axis explained 22.2% and the second axis 51.1% of variation.
Despite the fact that bacterial species largely overlapped along the axes, the first component tends to separate the two populations of black-tailed godwit from the other two species (Fig. 5) .
The RDA analysis showed that some bird species could be separated according to their capture location. Although only the nominate population of black-tailed godwit has actually been caught in rice field areas, species from the Icelandic population and the common redshank were also plotted on this axis side. Only the black-winged stilt was plotted one the axis side with the saltpans. All four populations in the study were plotted close to a large group of bacterial genera that could characterize the microbial diversity of this bird species. Black-tailed godwits were plotted close to Corynebacterium sp., Escherichia sp., Leuconostoc sp., Stenotrophomonas sp., Deinococcus sp. and Pseudomonas sp. The bacterial genera that were plotted close to the common redshanks bird population belonged to the Staphylococcus sp., Helicobacter sp., Sphingomonas sp., Microbacterium sp., Bosea sp. and Luteibacter sp. Near black-winged stilts were found bacterial strains from genera Anoxybacillus sp., Brachyspira sp., Butyricicoccus sp., Catellicoccus sp., Cellulosimicrobium sp., Clostridium sp., Cohnella sp., Legionella sp., Mycobacterium sp. and Rikenella sp. (Fig. 5) . Icelandic black-tailed godwit plotted together with only the bacterial species Paracoccus sp. and Psychrobacter sp.
Discussion
This study investigated the cloacal microbial diversity of wetland migratory shorebirds with a focus on the bacte- rial microbiota carried by these birds. This information is important as a first step to differentiate between pathogenic and commensal bacteria carried by the birds. The very high density of flocks of birds in the Tagus estuary areas may make the birds more vulnerable to the transmission of pathogens through direct contact, and especially through the ingestion of other birds' feces (Hayman et al., 1986; Lu et al., 2008) . The structural microbial cloacal diversity of the shorebirds, black-tailed godwits, black-winged stilts and common redshank was assessed by cultivation on different media and by DGGE profiling, allowing the comparison between birds and between methodologies. Identifying a common profile representative of a common microbial community for all birds of the same species was an objective. Although the fingerprint pattern of the DGGE gels showed a high (> 12) number of bands, illustrating a high number of bacterial species in the birds' cloacae, a differential DGGE fingerprint for each bird species was not observed. Nevertheless, some bands were common to all profiles, for example the band corresponding to Janthinobacterium or Variovorax sp. (band 18), and others were only detected in one bird species, such as band 20 (Altererythrobacter sp.). Twenty-six different genera, belonging to five classes, were detected in bird cloacae after culturing. Although the first approach for microbial culturing was to use NA medium, the use of R2A medium increased the recovery rate and the diversity. This could be related to the fact that these birds are aquatic and therefore the cloacae microbial community was impacted by environmentally related organisms (Lucas & Heeb, 2005) . Using the molecular method, 26 different genera belonging to nine different classes were found, showing a higher efficiency of non-culture-based techniques for obtaining a more complete representation of the bacterial community of the birds. The low number of bacteria recovered from the common redshank and the Icelandic black-tailed godwit cloacal samples, could be related to a different structure of the bacterial community in these birds. Future studies will confirm the richness of Alphaproteobacteria (found by both methods) and the presence of Paracoccus in their cloacal bacterial community.
The birds' cloacal microbial community was dominated by phyla Firmicutes and Actinobacteria according to molecular and cultivation (data combined). The genus Corynebacterium was the genus predominantly represented from the phylum Actinobacteria, and Enterococcus was the most abundant genus within the Firmicutes phylum. Escherichia sp. was the bacteria genus predominant within the Proteobacteria phylum. The dominance of Actinobacteria and Firmicutes in cloacal samples is parallel to the findings of the microbial community found in the intestines from chickens, one of the most studied birds in terms of intestinal microflora. This microflora is dominated by Firmicutes such as Lactobacillus and Streptococcus, but also Clostridiaceae and Enterococcus (Barnes & Phil, 1972; Lu et al., 2003; Amit-Romach et al., 2004; Gabriel et al., 2005) . Many of the bacterial genera identified in our study are common in human and in avian microflora, but also in soil and in water from the habitats that these birds usually use (Lu et al., 2003; Reche et al., 2010) . Most bacteria only detected in black-tailed godwit are usually reported from salted environments or rice fields (e.g. Escherichia, Janibacter, Ochrobactrum, Stenotrophomonas, Acinetobacter and Janthinobacterium). On the other hand, the bacterial group only detected in black-winged stilt nevertheless include mostly Gram-positive bacteria adapted to low oxygen environments (e.g. Brachispira, Butyricicoccus, Clostridium, Lactococcus and a Gram-negative bacteria Rikenella). This distribution may reflect distinct inputs of the environmental microbial community to the gut microbial flora of the different bird species, as a consequence of intakes (for example water and sediments), during feeding in the different environments, although the diet of these species is similar.
Several bacteria detected by either direct or indirect methods can be considered opportunistic pathogens and may cause morbidity and mortality in birds. Among the strains potentially pathogenic were strains from Helicobacter, Clostridium, Corynebacterium, Legionella, Enterococcus, Escherichia, Psychrobacter, Paracoccus, Staphylococcus, Mycobacterium and Rhodococcus. Strains from these genera are referred to as the cause of economic losses in livestock, frequently associated to elevated levels of water pollution (Sousa & Silva-Souza, 2001; Johnson et al., 2007) . Furthermore, some species belonging to these genera are also reported as opportunistic pathogens for humans, causing human infections (Jourdain et al., 2007; Mattos-Guaraldi et al., 2008; Aspán & Eriksson, 2010; Dunn et al., 2011; Vignaroli et al., 2011) .
Helicobacter, Clostridium, Brachyspira, Rikenella, Legionella, Bosea, Catellicoccus and Acinetobacter phylotypes were only detected by the non-culture-based technique. This was expected for most of these genera since we used non-selective cultivation conditions and some of these genera have specific nutritional requirements and are usually only detected by direct DNA amplification (Bomar et al., 2011) .
The presence of strains of Helicobacter was detected in all shorebird populations of this study. The presence of this bacterial genus in birds has been studied by several authors (Waldenstrom et al., 2003 (Waldenstrom et al., , 2007 (Waldenstrom et al., , 2010 Sensale et al., 2006; Lu et al., 2008; French et al., 2009) . Shorebirds and geese caught on the Swedish coastal meadows were considered reservoirs of human infections because they harbored a large number of Helicobacter strains (Waldenstrom et al., 2003 (Waldenstrom et al., , 2007 .
Within the shorebirds studied, Mycobacterium strains were only identified in black-winged stilts. Birds are capable of harboring viable Mycobacterium in their gastrointestinal tract and are excreted into the environment via feces, leading to Mycobacterium dispersion in the environment (Cangelosi et al., 2004) . Black-winged stilt also harbored other fastidious and potential pathogenic organisms belonging to Clostridium, Rhodococcus, Rikenella and Staphylococcus genera. Given that the entire European population of black-winged stilts is estimated at 33 500-49 800 pairs, birds have the potential of dispersing microorganisms that can be dangerous for the public as well as animal health (Figuerola, 2007; Jourdain et al., 2007) .
Bacteria from the phylum Deinococcus-Thermus (Deinococcus sp.) were not previously reported in shorebird microflora or estuarine environments, although OTUs from this phyla were detected in Hoatzin birds (GodoyVitorino et al., 2011) . Nevertheless, strains from this phylum were detected in all the bird species studied, and were present in high numbers in the microbial community of the Icelandic black-tailed godwit. This bacterial group includes many species that are resistant to extreme radiation, ionizing radiation and ultraviolet light, and to desiccation (Griffiths & Gupta, 2007) , characteristics found in extreme environments such as deserts but also in animal feces (Ito et al., 1983) .
Statistical comparison using the different parameters measured showed that bird populations were separated in different quadrants, associated to the environmental variables rice field (black-tailed godwit) or saltpans (blackwinged stilt) and to different bacterial communities. The two populations of the black-tailed godwit were plotted in the same quadrant and close to the environmental variable rice field area, although the individuals of the Icelandic population have been captured in the saltpan areas. A similar cloacal microbial community in these birds might explain why they were plotted in the same quadrant. Common redshank could not be related to the capture area and only two bacterial genera (Anoxybacillus and Shingopysis) were specifically found in this bird species.
In spite of limitations, DGGE is still an adequate approach to compare microbial communities. Due to the importance of the estuarine areas for the conservation of over-wintering and migratory shorebirds, the information from this study might provide important information for the future design and development of studies on bacteria from wild birds. By using cloacal-sampling, cultivation and molecular methods provide valuable information on the microbial diversity and presence of pathogenic bacteria dispersed by the birds, and may provide new bacterial isolates for the study of pathogenicity and antimicrobial resistance.
